The water supply deficit requires agro-environmental rationale for the use of alternative water sources to feed agricultural crops, viz.: industrial wastes, municipal drains, farm animal waste, drainage and escape water of rice irrigation systems. We analyzed the quality of irrigation water from different sources, with regard to the content of cations, anions, water-soluble salts, power of hydrogen (рН), sodium adsorption ratio (SAR), etc. in it. In the course of the greenhouse trial, we diagnosed its impact on the indicator crop (maize) (Zea mays L.) with its herbage crop stage of 10 leaves, supplied with water of varying quality. We proved the viability of improved drainage and escape water from rice irrigation systems in irrigated agriculture, owing to which maize herbage was diminished, on average, by 5.82%. We verified the negative impact of irrigation water, which contains the effluent disposals of metallurgical production, on croppers -it had contributed to diminishing the watered maize herb, on average, by 39.27%. A correlation analysis of the test data proved the closely interrelated feedback between the maize herbage amount and the content of cations, anions and water-soluble salts in irrigation water (coefficient of correlation r varied between 0.88 and 0.98). The worked-out linear regressive model for maize herbage, based on the content of water-soluble salts in irrigation water, together with SAR index (Y=2342.71-1.82×x 1 +366.78×x 2 ), affirmed the validity of the pattern, discovered by means of the correlation analysis.
INTRODUCTION
Irrigation is the prime instrument used to intensify crop production in the areas lacking natural moistening. The deficiency and low quality of irrigation water requires solution to a number of auxiliary issues, and among other things, the use of irrigation water from different sources: reusing drainage and escape water from rice irrigation systems; municipal drains along with industrial effluents -to enhance the efficient utilization of aquatic resources and reduce the environmental impact (Cui et al., 1998; Li, 2001 ; Oron et al., 1999; Lu, 2000; Tarjuelo et al., 2010) .
The use of irrigation water from different sources, especially drainage and escape water from rice irrigation systems, in agriculture, requires examining its influence on agroecosystems in detail. The aim of the research involved specifying the agronomical value of water from different water facilities, including the water contaminated by effluent disposals of metallurgical production, as well as drainage and escape water from rice irrigation systems. We have put forward a hypothesis, concerning a possibility to safely use drainage and escape water from rice irrigation systems for watering agricultural crops, provided that it is improved by being diluted with the Dnipro river water at the ratio of 3:1. The irrigation water was evaluated according to its content of water-soluble salts, power of hydrogen, SAR index, as well as its influence on the indicator crop (maize) (Zea mays L.). The appraisal of irrigation water quality was determined by its influence on the crop, with its herbage comprising 10 leaves at that stage of development.
MATERIALS AND METHODS
A greenhouse trial to study the influence of irrigation water of miscellaneous quality on maize crops was performed each year from 2012 to 2015, within the period from September to October, at the vegetation house of the Public Higher Education Institution "Kherson State Agricultural University" (Kherson city, Ukraine) in four replications. The scientific research involved the study of such variants:
• Variant 1. The Krasnoznamianka irrigation system water (100%) -standard water of the Dnipro River; • Variant 2. The Ingulets irrigation system water (100%) -water comprised by effluent disposals of metallurgical production and improved by the Dnipro River water; • Variant 3. Improved drainage and escape water of rice irrigation systems (75% of the Dnipro River water + 25% of drainage and escape water of rice irrigation systems); • Variant 4. Drainage and escape water of rice irrigation systems (100%).
The irrigation water samples for watering crops were taken with the volume of 10 litres in four replications in pure plastic containers from irrigation systems mains: Ingulets (latitude 47°0'55"N and longitude 32°47'20"E), Krasnoznamianka (latitude 46°17'1"N and longitude 33°8'8"E), as well as drainage and escape water of the rice irrigation systems of the Institute of Rice of the National Academy of the Agrarian Sciences of Ukraine (latitude 46°08'34"N and longitude 32°57'15"E). The water of the Ingulets irrigation system is systematically contaminated by the effluent disposals of metallurgic production of the Kryvbas (latitude 47º56'07"N and longitude 33º03'40"E), and improved by mixing with the water of the Dnipro River (Lykhovyd and Kozlenko, 2018) . The source of water for the Krasnoznamianka irrigation system is the Dnipro River. The selected water samples were mixed proportionally under laboratory conditions to comply with the experiment scheme. The salt content in the irrigation water was established by the generally accepted procedure (APHA, 1995 
where: SAR is sodium adsorption ratio in me/l; Na + , Ca m=100×h×dc×(R-r) (2) where: m is water application rate, m 3 /ha; h -active layer (0-50 cm); dc -active layer bulk density (1.29 t/m 3 ); R -minimal water capacity of the active layer (20.8%); r -pre-irrigation threshold (75 percent of minimal water capacity).
The water application rate, meant for the conditions of greenhouse trial, amounted to 1050 ml of water per vegetation vessel. The watering was executed with a watering vessel on the edges. During the experiments 2 waterings were carried out in keeping with the above-mentioned norm within 23-24 days and nights. The temperature of the air in the vegetation house during this entire period of experiments was at the level of 22-25°С, the degree of air saturation -at the level of 70-75%. The influence of the irrigation water on maize was established according to the formed maize herbage at the stage of 10 leaves, by cutting it and weighing it on an analytical balance, in the first third of October. The mathematical treatment of the obtained experiment data, carried out by means of analysis of variance, as well as correlation and regression analyses, was performed with LibreOffice Calc 5.4 and PSPP 1.01. software. The regression analysis of the data was performed according to the least squares method. The equation of linear regressive model of the form y=a+bx 1 +cx 2 was composed, consistent with the values of the calculated coefficients of regression and absolute term.
RESULTS

A Quality Analysis of Irrigation Water from Different Sources
The results of laboratory analyses of irrigation water from different sources are specified in Table 1 .
It was established that the рН value for irrigation water from all the sources in question did not exceed the maximum permissible limits. At the same time, the рН value of the water from the Krasnoznamianka and the Ingulets irrigation systems, which tended to the upper bound, as determined by FAO standards, was equal to 8.40 (Ayers and Westcott, 1985) . The minimum recorded pH value in the rice irrigation systems drainage and escape water was 7.80. The irrigation water from all the sources in question was described as alkaline, able to increase the pH of soil solution, and, in specific situations, interfere with normal growth and development of tender cultivated plants.
The maximum total content of water-soluble salts was recorded in the water of the Ingulets irrigation system -1563.00 mg/l, suggestive of its limited applicability for irrigation. Apart from that the Ingulets irrigation system water was marked by maximum total content of toxic and dangerous ions: Cl -(9.20 me/l in view of the upper permissible limit of 10.00 me/l), Na + (12.11 me/l in view of the optimal values of 3-9 me/l), HCO 3 -(3.88 me/l, which is within tolerance for marginally applicable irrigation water -1.5-8.5 me/l). The minimum content of water-soluble salts was found in the Krasnoznamianka irrigation system water -379.00 mg/l, which enabled to classify it under this value with those applicable for irrigation without restraint (mineralization <450 mg/l). Slightly higher values of the index were found in the drainage and escape waters of rice irrigation systems (695.00 mg/l) and mixed irrigation water (467.30 mg/l), which, as indicated by its water-soluble salts content, pertain to those limitedly applicable for irrigation (mineralization 450-2000 mg/l). The irrigation water from all the sources in question, except the Ingulets irrigation system, was recorded as having a content of toxic cations and anions, which allows absolute applicability for irrigation water, save for hydrocarbonate ions that are 1.31 me/l above the standard in the Krasnoznamianka irrigation system water, 1.60 me/l above the standard in mixed water, and 2.29 me/l above the standard in the drainage and escape water of rice irrigation systems.
The proportion of nitrate ions, phosphate ions, ammonia nitrogen in all the irrigation water in question was within the optimum. The maximum nitrate ions content (2.22 mg/l) was recorded in the rice irrigation system drainage and escape water, suggestive of its low nutritional value: out of 1000 m 3 of such water, only 2.22 kg of assimilable nitrate nitrogen will deposit on the plants in the field.
An agronomic evaluation of irrigation water quality by the integrative factor of its sodium adsorption ratio, suggestive of a probability of secondary salinization and alkalinization of soil under the influence of irrigation water, confirmed the safety of the irrigation water from all the sources (SAR close to 1.00 me/l), but not including the Ingulets irrigation system (SAR being 4.70 me/l).
Below is the irrigation water categorization according to its irrigation fitness in descending order: 1) The Krasnoznamianka irrigation system water; 2) Mixed water (75% of the Krasnoznamianka irrigation system water + 25% of rice irrigation systems drainage and escape water);
3) Rice irrigation systems drainage and escape water; 4) The Ingulets irrigation system water.
Irrigation Water Agronomic Evaluation by its Influence on Maize
Maize herbage at the observed crop stage of 10 leaves is shown in Table 2 .
Variance analysis of the results showed significant difference among all the variants in question. A considerably higher maize herbage yield from the vegetation vessel was ensured by the Krasnoznamianka irrigation system water from the Dnipro River (Variant 1) -2.009 kg. The minimal value of the index was obtained when the crop was moistened with the Ingulets irrigation system water, contaminated by effluent disposals of metallurgic production -1.220 kg (39.27% less than in Variant 1). The rice irrigation systems drainage and escape waters also reduced the crop's yield to a substantial degree (1.450 kg of herbage was formed under the variant, or 27.82% less than in Variant 1), but less significantly, compared to the Ingulets irrigation system water. When the rice irrigation systems water was diluted with that of the Dnipro River at the ratio 1:3, the crop yield was only 5.82% less, suggestive of potential use of such water for irrigation practically without restriction.
Regression Model of Maize Herbage Subject To the Basic Cations and Anions Content in Irrigation Water
A correlation analysis of relationship between corn herbage and concentration of basic cations and anions in irrigation water made it clear that increasing their ratio leads to decreasing the crop growth and development conditions. The correlation analysis showed strong correlation of the elements in question (0.78 -0.98) in the opposite direction. Interestingly, the hydrocarbonate ions influence proved to be the most toxic when the coefficient of determination equalled 0.96 (Table 3) .
It was established by correlation analysis of the experimental findings that the maize herbage practically did not depend on the power of Hydrogen of the irrigation water -coefficient of correlation amounted to 0.21; coefficient of de- Note: Maize herbage is shown on average during the observations from 2012 to 2015 ± SD (standard deviation). The LSD (least significant difference) of observation data variance analysis for some years was 0.077 kg (the difference among all the variants is significant at p<0.05).
termination -0.04. Consequently, this indicator is not defining, same as water-soluble salts content (coefficient of correlation 0.88; coefficient of determination -0.77) and SAR (coefficient of correlation 0.76; coefficient of determination -0.58), all being in close inverted correlation with maize herbage.
The findings of regression analysis, showing the dependence of maize herbage in a vegetation vessel on the water-soluble salts content in irrigation water, and SAR, are shown in Table 4 .
Linear regression model for the quantity of formed maize herbage (Y), subject to the content of water-soluble salts in irrigation water and SAR, in relation with the estimated coefficients of regression and free term, is as follows:
Y=2342.71-1.82×x 1 +366.78×x 2 .
The value of multiple correlation coefficient R, tending to 1.00, of actual calculated Fisher's variance ratio, superior to the theoretical critical value, as well as evaluation, determined by the predicted values of maize herbage, point to the high precision and effectiveness of the elaborated linear regression model (Table 5) .
DISCUSSION
Scientific studies prove that long-lasting irrigation with saline water, high in Na + cations, iour, when irrigated with saline water in "winter wheat -maize" cropping rotation, no significant reduction in winter wheat yield, compared to optimum mineralized water irrigation, was recorded. Then again, the authors stressed, to avoid aggressive salt accumulation in soil, it is well worth to interchange thsaline and fresh water irrigation (Liu et al., 2016) . By some accounts, the maize irrigation with water high in water-soluble salts did not decrease its yield and even increased the proteins content in it to 9.1% (Leogrande et al., 2016) . Thus, the irrigation with salt-saturated water is still open to question and unresolved. The problem of reutilizing waste water, as well as drainage and escape water, of various origins, is a largely unmet challenge. Some authors mention the results, which are illustrative of significant deterioration of crops yield and quality, due to irrigating with untreated sewage. In particular, it was found that irrigation with urban waste causes conspicuous retrogression in rice yield and quality (Alghobar and Suresha, 2016) . Other authors point out the nutritive quality of waste water. There are findings, which verify the beneficial effect for irrigating maize, white cabbage, cauliflower, eggplants, etc. with sewage, containing a great amount of nutritional chemicals (Khan and Shaukat, 2008) . The rice irrigation system drainage and escape water, which was under our study, had a low nutritive value. The greenhouse trials, which we have carried out to study maize behaviour, when irrigated with water of miscellaneous quality, serve to update the existing scientific insights into the scientific question under discussion. As to our developed regression model for maize herbage, depending on the content of water-soluble salts and SAR in agricultural water, it is meant to contribute to mathematical modelling of cropping capacity, subject to irrigation water quality, initiated by different research workers (Childs and Hanks, 1975; Letey et al., 1985; Letey and Dinar, 1986; Mok et al., 2014) .
CONCLUSIONS
Greenhouse trials findings proved the maize indicator crop (Zea mays L.) to be of significantly lower producing capacity with water containing a great amount of water-soluble salts. It was found that the maximum maize herbage yield loss was caused by hydrocarbonate ions. Rice irrigation systems drainage and escape water turned out to be of satisfactory quality by agronomical standards, as well as of certain nutritive quality. Employment of rice irrigation system drainage and escape water (both as is and upgraded with highest quality water) for agricultural irrigation offers great opportunities, since its utilization will be facilitated, and at the same time water consumption and crop production efficiency will be improved. Needless to say, the greenhouse trials cannot incorporate the full scope of specific irrigation features in a production environment. For this reason, from now on, in order to develop best practices, there is a need to study the behaviour pattern of indicator crops, influenced by irrigation systems drainage and escape water, under field conditions.
